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INTRODUCTION
32 type and bio-geographic background (Musco et al., 2009; Terlizzi et al., 2009) . Further, the relation 1 among TS, and data transformation is far to be fully clarified. Several studies showed that 2 transforming data might influence the results of analyses as well as taxonomic aggregation, 3 suggesting that the use of TS coupled with strong transformations of data could lead to severe loss 4 of information (Lasiak, 2003; Olsgard et al., 1998; Wlodarska-Kuwalczuk and Kedra, 2007) .
5
As far as long-term monitoring studies are concerned, the use of coarser taxonomic level, being 6 time-efficient, could improve monitoring programs allowing the extension to additional sampling 7 dates (Thompson et al., 2003; Tataranni et al., 2009) . Some loss of information on community 8 structure is considered acceptable for extensive monitoring purposes, and the detection of 9 biodiversity changes should be admissible as well (Bertasi et al., 2009) . However, studying the 10 long-term recovery pattern of polychaete assemblages of Botany Bay (NSW, Australia), Fraser et 11 al. (2006) found that the importance of differences in assemblage structure, as well as patterns of 12 succession, could not have been examined in detail using TS. The same Authors suggest that 13 analysis of data at various taxonomic levels, after identification of organisms to species, should be 14 encouraged in long-term impact-assessment studies. This issue, however, is made difficult by the 15 lack of long-term monitoring programmes based on the description of variables at species level. The 16 present study is an attempt in this direction.
17
Polychaetes are widely distributed, abundant and diverse in terms of species richness and ecological 18 requirements and have been successfully used as indicator taxon (Giangrande et al., 2004 (Giangrande et al., , 2005 19 Musco and Giangrande, 2005; Fraschetti et al., 2006; Musco et al., 2009 ) also in long-term 20 monitoring studies (Fraser et al., 2006; Schirosi et al., 2010) . Here, we compared the effects of 
Materials and Methods

27
Research area
28
The Northern Adriatic Sea (hereafter NA) is a semi-enclosed shallow basin exposed to severe 29 human impacts such as strong urban development, high nutrients load, commercial fisheries and 30 different kinds of pollution (Degobbis et al., 2000) . Sometimes, when mucilage events coincide 31 with specific hydrographical conditions, anoxia may affect the sea bottom. Such an event happened 32 in the autumn 1989 and caused benthic mass mortality over an area of about 1.200 km 2 .
33
The study was carried out on three offshore monitoring stations of the Centre Starting one year after the anoxia event, samples were taken once a year, in two phases during 12 -1994 and 2004-2008 , in the period from late October to the beginning of January .
1990
13
At each station 4-5 replicates were collected with 0.1 m 2 Van-Veen grab, sieved through 2 mm 14 mesh in the first research period (1990) (1991) (1992) (1993) (1994) and 1 and 2 mm mesh in the second one (2004) (2005) (2006) (2007) (2008) , 15 and fixed in 4% buffered formaldehyde-seawater solution. As a whole, 113 samples were collected.
16
The 1 mm mesh size in the second period was adopted following the up-to-date recommendation 17 for the macrobenthic fauna monitoring studies provided by Castelli et al. (2003) were then repeated for the dataset lumped at genus, family and order taxonomic level.
4
PERMANOVAs were also carried out for calculating estimates of variance components using 2 nd 5 root, 4 th root and presence/absence transformed data for all the taxonomic levels investigated.
6
Non-metric multidimensional scaling ordination plots (MDS) were produced to visualize 7 multivariate patterns of polychaete assemblages classified at species, genus, family and order 8 taxonomic rank. All plots were based on Bray Curtis similarity matrix of untransformed data.
9
A similarity percentage (SIMPER) routine was performed to detect the species most responsible for 10 differences in the multivariate structure of assemblages between periods.
11
A second-stage nMDS ordination was also plotted to visualize differences among similarity 12 matrices at different levels of taxonomic aggregation and data transformation (Somerfield and
13
Clarke, 1995).
14 All multivariate analyses were performed using the computer program PRIMER v6 (Clarke and Notomastus latericeus (9.9 %) and P. auricoma (9.7 %). Among the other species only
30
Galathowenia oculata (6.6 %) exceeded the 5 % of the total abundance. As a whole, 39 singletons
31
(i.e. species represented by a single individual) were recorded, among them 12 during the first 32 period (1 at station 005, 4 at 007, 7 at 107) and 17 during the second one (6 at station 005, 9 at 007, 33 12 at 107). Considering the genera, 24 were singletons, among them 9 during the first period (3 at 007, 6 at 107) and 15 during the second one (1 at station 005, 7 at 007, 7 at 107). No singleton 1 families and orders were observed.
2
The distribution of individuals was variable during the first period (1990) (1991) (1992) (1993) (1994) both considering the 3 three stations and the four sampling times (Fig. 2) ; a lesser degree of variation was visible during period, while it appeared more homogeneous among times and stations during the second one.
10
The ANOVA test ( 
Multivariate Analyses
21
The results of the MDS analyses carried out on the untransformed abundance species matrix and on 22 matrices derived from the aggregation of species distributions to genus, family and order levels are (Table 1) . Almost identical positions of the centroids in the plot 28 were observed using the genera as surrogates of the species (Fig. 3b) . The multivariate pattern 29 remained clearly visible when the polychaete assemblage was analyzed at family ( Fig. 3c ) and order 30 level (Fig. 3d) , although the separation between periods became less evident.
31
The species contributing to the 70% dissimilarity between the two periods (Average dissimilarity 32 79.82), and their average abundance in both periods are shown in Table 2 (SIMPER test). The 33 species mostly contributing to differentiate the two periods were also the species dominating the assemblages (see 3.1). Interestingly, among the co-familial species only those belonging to 1 Flabelligeridae (2 species) and Pectinariidae (2) showed similar trend of average abundance 2 between the two periods, while species belonging to Onuphidae (3), Oweniidae (2), Spionidae (2) 3 and Ampharetidae (2) showed opposite temporal trends.
4 Table 3 shows the outcomes of the PERMANOVA tests carried out on the original, untransformed 5 species matrix and on matrices derived from the aggregation of species distributions to genus, 
11
Considering the estimate of the variance components (Table 3 ) however, some difference 12 characterized the analyzed datasets: apart from the residuals, the major source of variation belonged 13 to the factor period for the assemblages analyzed at species and genus level, while for the same 14 assemblages analyzed at family and order level the major source of variation belonged to the T(Pe)
15
× St interaction term. Also, the total variation appeared to decrease with the increasing taxonomic 16 level; this pattern was particularly evident when the assemblages were analyzed at family and order 17 level.
18 Figure 4 compares the relative estimates of the variance components of the untransformed datasets
19
(species, genus, family and order) (Fig. 4a) , to those obtained after square-root (Fig. 4b) , fourth-root
20
( Fig. 4c ) and presence/absence (Fig. 4d ) data transform. In every case, the largest variation was 21 among replicate units (i.e. Residual term), while, apart from the analysis of the untransformed 22 datasets at family and order level, the second largest source of variation was always associated to 23 the factor period whatever the taxonomic level and the data transformation used.
24
The ordination of similarity matrices in the second-stage nMDS plot (Fig. 5) showed a typical 'fan' general, within the matrices relative to the same taxonomic rank, those derived from each 32 transformation tend to cluster apart from the similarity matrix obtained by untransformed data.
Discussion
1
As well summarized by the univariate indices, a large and significant degree of variation 3 characterizes the analyzed polychaete assemblages both spatially, at the three stations, and 4 temporally, considering the two analyzed time scales.
5
Differences between the two periods were visible by the nMDS plot relative to the species showing 6 separation among the centroids representing the assemblages sampled during the 1990-1994 post 7 anoxic period and those sampled two decades later (2004) (2005) (2006) (2007) (2008) . This seems to confirm temporal 8 changes in the polychaete assemblages possibly due to recovery from anoxia. Also in another area 9 of the NA, Stachowitsch and Fuchs (1995) observed that the recovery of the macrobenthic 10 community after the mass mortality is not reached even ten years after the anoxic event, suggesting 11 that dramatic events might influence assemblages for decades.
12
PERMANOVA tests confirmed the high spatial-temporal variation as a proper characteristic of the 13 analyzed polychaete assemblages. The main results of differences in assemblages between periods 14 were consistent whatever the considered taxonomic level. However, the describing efficiency of 15 surrogates showed differences concerning the capability to properly describe the assemblages'
16 intrinsic variability. This should not be underrated due to the importance of variability in describing 17 the analyzed assemblages.
18
Particularly, when untransformed data were considered, the use of families and orders as species
19
surrogates led to misinterpreting the sources of assemblage variation and to noticeable decreasing 20 the estimate of the total variation thus allowing considering the two period and the three stations 21 more similar to each other that they really are. In general, it might be expected that using TS (i.e. a 22 lesser number of variables) leads to reduce the explicated variability, but this ''averaging effect"
23
( De Biasi et al., 2003; Doak et al., 1998) is not necessarily the rule (see Tataranni et al., 2009 analyzed, since it is often difficult to recognize a priori how environmental variations will affect 16 assemblages' structure (e.g., influencing rare or abundant species).
17
Our data also suggest that, before applying TS and perform approximations of the faunal features of fauna (Bianchi, 2007; Boero et al., 2008; Mikac and Musco, 2010; Musco and Giangrande, 2005) .
26
Changes in community composition over the long trend make up the history of ecosystems and are 27 inherently "unpredictable" (Boero, 1996 , 2009 , see also Doak et al., 2008 Zenetos, A., Meric, E., Verlaque, M., Galli, P., Boudouresque, C.F., Giangrande, A., Çinar, M.E., 
Research highlights
• Polychaetes families detect decadal changes in the multivariate assemblages structure
• TS and data transformation may underrate patterns of spatial assemblages variability
• TS-based long-term monitoring must include periodical fine taxonomic analyses 
